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Abstract
Introduction It is unknown whether the reported short-term
reduction in cardiac arrests associated with the introduction of
the medical emergency team (MET) system can be sustained.
Method We conducted a prospective, controlled before-and-
after examination of the effect of a MET system on the long-term
incidence of cardiac arrests. We included consecutive patients
admitted during three study periods: before the introduction of
the MET; during the education phase preceding the
implementation of the MET; and a period of four years from the
implementation of the MET system. Cardiac arrests were
identified from a log book of cardiac arrest calls and cross-
referenced with case report forms and the intensive care unit
admissions database. We measured the number of hospital
admissions and MET reviews during each period, performed
multivariate logistic regression analysis to identify predictors of
mortality following cardiac arrest and studied the correlation
between the rate of MET calls with the rate of cardiac arrests.
Results Before the introduction of the MET system there were
66 cardiac arrests and 16,246 admissions (4.06 cardiac arrests
per 1,000 admissions). During the education period, the
incidence of cardiac arrests decreased to 2.45 per 1,000
admissions (odds ratio (OR) for cardiac arrest 0.60; 95%
confidence interval (CI) 0.43–0.86; p  = 0.004). After the
implementation of the MET system, the incidence of cardiac
arrests further decreased to 1.90 per 1,000 admissions (OR for
cardiac arrest 0.47; 95% CI 0.35–0.62; p < 0.0001). There was
an inverse correlation between the number of MET calls in each
calendar year and the number of cardiac arrests for the same
year (r2 = 0.84; p = 0.01), with 17 MET calls being associated
with one less cardiac arrest. Male gender (OR 2.88; 95% CI
1.34–6.19) and an initial rhythm of either asystole (OR 7.58;
95% CI 3.15–18.25; p < 0.0001) or pulseless electrical activity
(OR 4.09; 95% CI 1.59–10.51; p  = 0.003) predicted an
increased risk of death.
Conclusion Introduction of a MET system into a teaching
hospital was associated with a sustained and progressive
reduction in cardiac arrests over a four year period. Our findings
show sustainability and suggest that, for every 17 MET calls,
one cardiac arrest might be prevented.
CI = confidence interval; ICU = intensive care unit; MET = medical emergency team; OR = odds ratio.Critical Care    Vol 9 No 6    Jones et al.
R809
Introduction
Despite advances in medical technology and the introduction
of cardiac arrest teams, the mortality of in-hospital cardiac
arrests remains high (approximately 85% [1]). Up to 80% of
patients suffering cardiac arrests have signs of physiological
instability (alterations in the commonly measured vital signs) in
the 24 hour period before the event [2-4]. In response to this
observation, hospitals are increasingly implementing special-
ized teams (variably named medical emergency teams (METs),
rapid response teams, or outreach teams) to identify, review
and treat unstable ward patients in the early phase of deterio-
ration, with the goal of preventing cardiac arrests [5-8].
METs have been shown to reduce the incidence of cardiac
arrests in hospitalized patients in short-term before-and-after
studies [5-7]. DeVita and co-workers [8] have recently
reported a 17% reduction in cardiac arrests in the 1.8 years
after increased use of the MET service in a teaching hospital
[8]. The effectiveness of METs in achieving or sustaining this
outcome for periods greater than this has not been shown to
date.
Since the introduction of the MET service in our hospital, we
have conducted an educational campaign to improve aware-
ness in an attempt to increase use of the service. Sustained
system change, however, requires a strong organizational
commitment to safety [9] as well as continued education and
awareness-raising activities. Institutionalization of system
change may fail because of turnover of key employees [10]
such as doctors and nurses. This may result in the introduction
of new staff who are unfamiliar with the MET concept [8,11].
Thus, there is uncertainty that the MET system will continue to
deliver any benefits that might have been demonstrated imme-
diately after its introduction. In this study, we analyzed the inci-
dence of cardiac arrests in the four years following the
introduction of the MET service.
Materials and methods
The hospital
The Austin Hospital is a 400 bed acute care hospital affiliated
with the University of Melbourne. The hospital provides serv-
ices such as cardiothoracic surgery and neurosurgery and is
also the referral center for acute spinal injuries and liver trans-
plantation for the state of Victoria. The intensive care unit (ICU)
has 21 beds and receives approximately 2,000 admissions
per year.
Ethics approval
Approval was obtained from the Institution's Ethics Committee
for implementation of the MET system and collection of the
data related to it. The need for informed consent was waived
by the committee.
Medical emergency responses
The acute care hospital has two levels of emergency
response. The traditional 'Code Blue' call is intended for
resuscitation of cardiac arrests and other sudden life-threaten-
ing medical emergencies. It consists of an anesthetic fellow, a
coronary care fellow and nurse, an ICU fellow and nurse, as
well as the Medical fellow of the receiving unit of the day. The
MET is intended to review all medical emergencies other than
cardiac arrests, and has been described in detail previously
[7,12]. It consists of an ICU fellow and nurse, as well as the
Medical fellow of the receiving unit of the day. It can be acti-
vated by any member of hospital staff according to pre-deter-
mined criteria that are based primarily on abnormalities of vital
signs and clinical status. Specifically, the criteria include acute
changes in heart rate (<40 or >130 beats/minute), systolic
blood pressure (<90 mmHg), respiratory rate (<8 or >30
breaths/minute), oxygen saturation (<90% despite oxygen
therapy) or conscious state. Any staff member can also initiate
a MET review if they are worried about the patient for any other
reason.
Study design
The study is a prospective before-and-after interventional trial.
All patients admitted to the hospital for at least one night were
considered as participants. The period 1 January 1999 to 31
August 1999 was the control or 'before' period. In the educa-
tional phase preceding implementation of the MET (1 Septem-
ber 1999 to 31 August 2000), detailed education and
information sessions where held with all members of hospital
staff. The period 'after' the implementation of the MET included
the interval spanning from 1 September 2000 to 31 October
2004.
Data on admissions, cardiac arrests and MET calls
A log book of all emergency calls is maintained by the switch-
board operators and contains details of the date and time of
the call as well as the ward from which the call originated.
Standardized case report forms on Code Blue calls are main-
tained independently by both the coronary care unit and ICU.
Details from the switchboard log regarding time, date and
ward calling the Code Blue calls were cross referenced with
the case report forms and the ICU admission database. Calls
were designated as 'documented cardiac arrest', 'not cardiac
arrest' or 'insufficient data'. Information was confirmed by two
investigators by analysis of the case report form and/or analy-
sis of the patients file. A cardiac arrest was defined as the sud-
den onset of all of the following: no palpable pulse; no
measurable blood pressure; no responsiveness; and the com-
mencement of basic life support. Calls from the coronary care
unit, operating room and emergency room (acute care areas)
were not considered for analysis, as were calls in which the
patient had a documented 'not for resuscitation' order prior to
the call. To minimize bias in favor of the MET system, calls des-
ignated 'insufficient data' were still considered as being 'true
cardiac arrests' in the educational phase and in the periodAvailable online http://ccforum.com/content/9/6/R808
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after the introduction of the MET. Calls designated as 'not car-
diac arrest' were then classified into one of nine subgroups
(faint, seizure, haematemesis and melena, surgical bleeding,
respiratory distress, altered conscious state, hypotension,
arrhythmia, chest pain).
Outcome measures
The number of cardiac arrests in each of the study periods
('before MET', 'educational phase preceding MET' and 'after
MET implementation') was quantified and related to the
number of hospital admissions lasting at least 24 hours for the
same period. Information on the age, gender and initial docu-
mented rhythm were obtained from the case report forms.
Data on patient hospital outcome and destination of hospital
discharge were obtained from the hospital electronic
database.
Statistical analysis
Data on the incidence of cardiac arrests during the three peri-
ods of the study were compared using the χ2 test and analyzed
using MS Windows Stat-view (Abacus Concepts, Berkeley,
CA, USA). Correlation between levels of MET service activa-
tion and the incidence of cardiac arrests was analyzed using
the Spearman-rank test.
We performed multivariate logistic regression analysis using
death as the dependent variable and patient gender, age, par-
ent unit, primary rhythm and time of cardiac arrest as inde-
pendent variables. Data were analyzed using SPSS (version
12, SPSS Inc, Chicago, IL, USA) and results are presented as
odds ratio (OR) with 95% confidence intervals (CI). A p value
of <0.05 was considered statistically significant.
The number of MET reviews associated with a decrease of one
cardiac arrest was estimated by calculating the reciprocal of
the line of regression of the association between the level of
MET service activation and the incidence of cardiac arrests.
Results
Characteristics of Code Blue calls
Compared to the period before the MET, there was an initial
reduction in the number of Code Blue calls during the educa-
Table 1
Characteristics of Code Blue calls over the study period
Pre-METa Education phasea Post-MET implementationa
Code Blue calls 100 116 327
Documented cardiac arrests 66 51 162
Missing data 1 11 36
NFR patients (arrests in NFR patients) 4 (2) 7 (5) 18 (17)
Not cardiac arrests 31 49 112
Faint 4 4 11
Seizure 7 2 11
H&M 1 3 5
Surgical bleeding 2 0 10
Respiratory distress 13 19 38
Change GCS 1 8 13
Hypotension 2 10 17
Arrhythmia 1 2 7
Chest pain 0 1 0
Admissions 16,246 25,216 104,001
Cardiac arrestsb
Number 66 62 198
Number/1,000 admissions 4.06 2.45 1.90






aThe three study periods cover the dates: pre-MET, 1 January 1999 to 31 August 1999; education phase, 1 September 1999 to 31 August 2000; 
post-MET implementation, 1 September 2000 to 31 October 2004. bCardiac arrests represent the combined number of 'documented cardiac 
arrests' and 'insufficient data' for 'during' and 'after' MET implementation phases. Odds ratios are for comparisons with 'before' MET data. GCS, 
Glasgow coma score; H&M, hematemesis and melena; NFR, not for resuscitation.Critical Care    Vol 9 No 6    Jones et al.
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Table 2
Characteristics of documented cardiac arrests
Pre-METa Education phasea Post-METa
Cardiac arrests 66 51 162
Male 41 44 104
Age (years) 73.4 70.5 70.8
Parent unit
General medicine 19 (4) 11 (1) 45 (3)
Respiratory 6 (1) 5 (1) 13 (3)
Cardiology 1 (0) 5 (2) 19 (8)
Nephrology 8 (3) 3 (0) 16 (2)
Gastroenterology 3 (0) 1 (0) 2 (0)
Neurology 0 4 (0) 7 (1)
Hematolgy/Oncology 2 (0) 7 (0) 14 (0)
General surgery 5 (0) 7 (2) 9 (1)
Vascular surgery 8 (2) 1 (0) 2 (0)
Neurosurgery 3 (0) 1 (0) 7 (3)
Thoracic surgery 2 (2) 1 (1) 4 (0)
Cardiac surgery 5 (3) 3 (2) 9 (3)
Orthopedic surgery 2 (1) 1 (0) 8 (0)
Spinal surgery 1 (0) 0 2 (2)
Liver transplantation 1 (0) 0 3 (0)
Otherb 0 1 (0) 2 (0)
Survivors (% total) 16 (24.2) 9 (17.6) 26 (16.0)
Home 10 5 20
R e h a b 536
N u r s i n g  h o m e 110
Died 50 42 136
Died arrest 33 27 110
Died <24 h 10 5 9
Died >24 h 7 10 17
Primary rhythm
VF 8 (3) 10 (1) 20 (9)
VT 4 (2) 6 (3) 15 (6)
Asystole 30 (1) 18 (2) 74 (6)
PEA 15 (4) 13 (2) 42 (3)
SVT 2 (2) 0 3 (1)
Other 7 (4) 4 (1) 8 (1)
Data are expressed as total number with number surviving in parentheses. aThe three study periods cover the dates: pre-MET, 1 January 1999 to 
31 August 1999; education phase, 1 September 1999 to 31 August 2000; post-MET implementation, 1 September 2000 to 31 October 2004. 
bPlastics/Faciomaxillary/Ear nose and throat/Urology/Obstetrics and gynecology. PEA, pulseless electrical activity; SVT, supraventricular 
tachycardia; VF, ventricular fibrillation; VT, ventricular tachycardia.Available online http://ccforum.com/content/9/6/R808
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tion phase (OR for Code Blue call 0.75; 95% CI 0.57–0.98;
p = 0.033). After the implementation of the MET, however,
there was a further significant reduction in Code Blue calls
(OR for Code Blue call 0.51; 95% CI 0.41–0.64; p < 0.0001)
(Table 1). At least 30% of Code Blue calls were made for indi-
cations other than cardiac arrest. Specifically, the major rea-
sons for such Code Blue calls were respiratory distress,
hypotension, altered Glasgow coma score, seizure and a sim-
ple collapse or faint (Table 1).
In addition, there was no significant difference in the propor-
tion of patients in whom a Code Blue call was made despite a
prior documented 'not for resuscitation' order (OR 1.40; 95%
CI 0.46–4.23; p = 0.57).
Impact of MET implementation on the incidence of 
cardiac arrests
When the Code Blue calls classified as 'insufficient data' were
included as true cardiac arrests for the education and post-
MET implementation period, the number of cardiac arrests
before the MET, during the educational phase preceding the
MET, and after the implementation of the MET was 66, 62 and
198, respectively (Table 1). The overall process of introduction
of the MET was associated with a statistically significant
reduction in cardiac arrests when compared with the period
before the MET (multiple χ2 p < 0.0001). During the educa-
tional phase preceding the MET, the OR for risk of cardiac
arrest was 0.60 (95% CI 0.43–0.86; p = 0.004) when com-
pared with the period before the MET. After the introduction of
the MET system, the OR of cardiac arrest was 0.47 (95% CI
0.35–0.62; p < 0.0001) when compared to the period before
MET implementation and 0.77 (95% CI 0.58–1.03; p  =
0.078) when compared to the educational phase. In the year
2004, there was a further reduction to a rate of 1.3 arrests per
1,000 admissions, such that the OR for cardiac arrest was
0.31 (95% CI 0.20–0.48; p < 0.0001) when compared with
the period before the MET and 0.51 (95% CI 0.32–0.80; p =
0.003) compared with the educational phase preceding the
MET.
Characteristics and outcome of documented cardiac 
arrests
There were 279 documented cardiac arrests during the study
period (Table 2). The majority of these patients were male, and
their average age was 71.3 years. Patients from five of the 20
units (general medicine, respiratory medicine, cardiology, renal
medicine and haematology/oncology) comprised 62% of all
calls. The majority (170/228, 74.6%) of patients who died fol-
lowing a cardiac arrest did so at the time of the cardiac arrest.
The most common rhythms present on arrival of the cardiac
arrest team were asystole (122/279, 43.7%) and pulseless
electrical activity (70/279, 25.1%). The survival rate following
a cardiac arrest was not affected by the introduction of the
MET (OR for survival 0.60; 95% CI 0.30–1.21; p = 0.15)
(Table 2).
Several independent variables were shown to have an impact
on outcome following cardiac arrest (Table 3). Male gender
and an initial rhythm of asystole or pulseless electrical activity
were associated with an increased risk of death following car-
diac arrests. In addition, none of the 23 patients admitted
under haematology/oncology survived a documented cardiac
arrest in the study period.
Predictors of a decreased risk of death following cardiac
arrest included admission under cardiothoracic surgery, spinal
cord injuries unit, cardiology unit, or an arrest between the
hours of 08:00 and 10:00.
There was an inverse correlation (r2 = 0.84, p = 0.01) between
the number of MET calls per 1,000 admissions in each calen-
dar year and the number of cardiac arrests per 1,000 admis-
sions over the corresponding period (Figure 1). The gradient
of the line of regression for this correlation was -0.061, sug-
gesting that for every 17 MET calls (1/0.061) there was an
associated decrease of one cardiac arrest.
Discussion
We conducted a study to test whether the ongoing use of a
MET system could be associated with a sustained reduction in
Table 3
Predictors of death following cardiac arrest using multivariant logistic regression analysis
Variable Odds ratio for death 95% confidence interval p value
Male gender 2.88 1.34–6.19 0.007
Asystole 7.58 3.15–18.26 <0.0001
PEA 4.09 1.59–10.51 0.004
Cardiothoracic patient 0.15 0.05–0.49 0.002
Spinal injury patient 0.03 0.01–0.57 0.02
Cardiology patient 0.27 0.09–0.65 0.01
Arrest between 08:00 and 10:00 am 0.25 0.09–0.65 0.005
PEA, pulseless electrical activity.Critical Care    Vol 9 No 6    Jones et al.
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the incidence of cardiac arrests over the four years after its
introduction. We found that education alone decreased the
incidence of cardiac arrests. However, the risk of cardiac
arrest further decreased after the introduction of the MET and
remained lower over time.
We also found an inverse association between levels of MET
use and the risk of occurrence of cardiac arrests, suggesting
a 'dose effect' of the MET on cardiac arrests.
Implementation of MET systems has previously been shown to
reduce the incidence of cardiac arrests in hospital patients in
a number of short term before-and-after studies [5-7]. DeVita
and co-workers [8], however, reported that increasing the use
of an existing MET was associated with a 17% reduction in the
incidence of cardiac arrests in the subsequent 1.8 years to a
rate of 5.4 per 1,000 admissions. In the present study, the inci-
dence of cardiac arrests was 4.06 per 1,000 admissions
before the introduction of the MET. After the introduction of
the MET, the incidence of cardiac arrests was 1.90 per 1,000
admissions (53% reduction) and this decreased to 1.3 per
1,000 admissions (69% reduction) in 2004. These later
results suggest a greater reduction in the incidence of cardiac
arrests than previously reported following the introduction of a
MET service.
Sustained system change requires strong organizational com-
mitment to safety [9]. System change may fail to be institution-
alized because of a turnover of key employees [10], resulting
in new doctors and nurses unfamiliar with the MET system
concept [8,11]. Prior to the implementation of the MET service
at our hospital, a 12 month period of preparation and educa-
tion was undertaken (educational phase). Since the introduc-
tion of the MET service we have provided ongoing education
to all existing and new staff members. This approach appears
to have been successful in producing a sustained and pro-
gressive reduction in the incidence of cardiac arrests at our
hospital.
In addition to the reduction in incidence of cardiac arrests
demonstrated after the introduction of the MET service, we
have found an inverse association between levels of MET
activation and the incidence of cardiac arrest. This suggests
an association between increasing use of the MET and a
reduction in cardiac arrests. From this association, we esti-
mate that for every 17 MET calls a single cardiac arrest may be
prevented.
Multivariate logistic regression analysis revealed male gender
and a primary rhythm of asystole or pulseless electrical activity
as predictors of increased risk of death following cardiac
arrest. Predictors of improved outcome following cardiac
arrest included admission under cardiothoracic surgery, the
spinal cord injury unit, or cardiology. This improved outcome
may be secondary to increased levels of monitoring leading to
earlier detection of cardiac arrests in these patients, or may
suggest greater reversibility of the underlying process leading
to the arrest (for example, myocardial ischemia or altered auto-
nomic tone with spinal cord injury). Improved outcome for car-
diac arrests occurring between 08:00 and 10:00 may relate to
increased levels of staffing and earlier detection of events.
Our study has several strengths and limitations. It is a prospec-
tive before-and-after study that demonstrates a progressive
and dose-dependent reduction in the annual incidence of
cardiac arrests in a large teaching hospital in a study period
including over 145,000 admissions. It is not randomized,
blinded or placebo-controlled, however, and only represents
the findings of a single center. A large cluster-randomized
multi-centre study of the effect of the MET on cardiac arrests
in 23 Australian hospitals (the MERIT study) has been recently
published [13]. The incidence of cardiac arrests in the 12 hos-
pitals randomized to receive MET implementation was not sta-
tistically different to that in the 11 hospitals randomized to
continue the existing form of cardiac arrest teams. This study
involved an education and preparation period of only four
months, however, and assessed the impact of the introduction
of MET reviews over six months only. In addition, the average
call rate (cardiac arrests and MET calls) was reported as only
8.3 calls per 1,000 admissions. This call rate is one-fifth of our
current call rate. These observations suggest that time may be
required before a MET system can show its full effectiveness
in reducing the incidence of cardiac arrests. The benefits from
other system changes, such as trauma services [14], have also
been shown to take some time to mature. These results also
suggest that the 'dose' of MET reviews (calls per 1,000
patients) may have an impact on patient outcome.
The second limitation of our study relates to the inclusion of
episodes of insufficient data. In analyzing the effectiveness of
the education process and MET service, however, we have
Figure 1
Correlation between the number of medical emergency team (MET)  calls and the rate of cardiac arrests between 1999 and 2004 Correlation between the number of medical emergency team (MET) 
calls and the rate of cardiac arrests between 1999 and 2004.Available online http://ccforum.com/content/9/6/R808
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assumed that these events represented a true cardiac arrest.
In doing this, we would have actually underestimated the effec-
tiveness of the MET system, as such calls likely inflated the
true cardiac arrest call value after implementation of the MET.
Our study does not reveal the mechanisms responsible for the
reduction of the cardiac arrests. It is possible that the
observed reduction in the incidence of cardiac arrest may be
due to the education of staff alone, as the incidence of cardiac
arrests in the educational phase decreased by 40% compared
with the period before the introduction of the MET. However,
the incidence of cardiac arrests after the introduction of the
MET was 23% lower than during the education and prepara-
tion period, and has continued to fall with increasing use of the
MET. This suggests education and awareness together with a
system to promptly review unwell ward patients work synergis-
tically in reducing the incidence of cardiac arrests.
It is possible that our favorable findings were due to a high inci-
dence of cardiac arrests in the control period or an abnormally
low seasonal incidence in the intervention period. Australian
data [16] show an incidence ranging from 3.6 to 5.1 per 1,000
admissions. Recent data from the MERIT study, which
included several smaller hospitals with patients of limited acu-
ity and counted all day visits (no overnight stay) as admissions,
showed a pre-intervention cardiac arrest rate of 2.08 cases
per 1,000 admissions [13]. Our incidence of cardiac arrests
was 3.2 per 1,000 overnight hospital admissions during the
control period.
We studied the MET within a single institution. Its findings
might not apply to other hospitals. Institution specific heuris-
tics and unique administrative features may have lent them-
selves to making the impact of the MET approach greater in
our institution than in others. However, our institution has all
the organizational, structural and logistic features of a typical
tertiary referral hospital. The way our MET was configured
might differ from the way other institutions implement such a
service [13,15]. Whether organizing the MET service in differ-
ent ways has an impact on its efficacy remains unknown. We
believe that our approach is simple and low cost. It is also pos-
sible that the decrease in cardiac arrests was secondary to
some other improvements in patient care during the period
that separated the control from the intervention period. There
were no changes in the structure, referral pattern or activity of
our hospital, however, as supported by the total number of
admissions during the two study periods, which remained
unchanged. Furthermore, there were no changes in 'not for
cardio-pulmonary resuscitation' policy, hospital admission pol-
icy, discharge practices or surgical case mix during the study.
We are not aware of any improvements or advances in medical
or surgical treatment that could explain a greater than 60%
reduction in cardiac arrests and a 25% reduction in overall
mortality.
Conclusion
The introduction of an ICU-based MET service, in conjunction
with a detailed education program aimed at increasing its use,
was associated with a sustained and progressive reduction in
the incidence of cardiac arrests in the four years following its
implementation. There was an inverse correlation between the
level of activation of the MET service and the incidence of car-
diac arrests, suggesting either a 'dose effect' or a 'maturation
effect'.
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